Objective-To determine the influence of general or regional anaesthesia on long term mental function in elderly patients.
Introduction
As the total and relative numbers of people who are of pensionable age increase so will the number of such people presenting for surgery, both emergency and elective, thus increasing the demand on services and resources.' Anaesthetists who care for and manage this group of patients will want to select an anaesthetic technique that produces minimal morbidity and mortality. An impairment that is not resolved by the time the patient is discharged from hospital could have long lasting social and economic consequences.
There is a commonly held belief that elderly patients are "never the same" after admission to hospital. The long term effects of admission to hospital, surgery, and anaesthesia remain unclear. The initial investigations into the part played by anaesthesia in any postoperative deterioration in mental function were inconclusive and at times contradictory. 3 There is some evidence that hyperventilation may cause a detectable impairment of certain mental functions in elderly patients. 4 Even when patients seemed to have been protected from adverse events such as hypoxia6 and hypotension 7 there were still unexplained detectable alterations in mental function.9'7 The evidence of impairment of psychomotor fuction in elderly patients commonly applies only to the early postoperative period.7 Studies on the long term effect of anaesthesia on cognitive performance in elderly patients have had methodological faults, such as no randomisation to anaesthetic technique,3" no assessment before admission,'4 '5 and inclusion of patients of all ages. 16 We compared the long term effects of a standardised general and regional anaesthetic technique on patients aged over 60 after excluding other possible deleterious effects of admission to hospital and operation.
Patients and methods
The names, ages, and addresses of all patients scheduled for admission for hip or knee replacement were collected weekly from the orthopaedic department. Patients aged a>60 who lived within 48 km of the hospital were sent a letter inviting them to agree to home visits by a psychologist before and after their operation, at which data on the possible effects of admission to hospital and of the operation on various mental functions including memory would be collected. Patients The critical flicker fusion threshold2' is a measure of arousal of the nervous system. Subjects were asked to watch four flickering lights on the Leeds psychomotor tester. The frequency of flickering was gradually increased, and subjects indicated by pressing a button when they perceived a steady light (the critical flicker fusion threshold). The frequency at which the flicker returned was also determined. The mean of three measurements for downward and upward shifts in frequency was taken as the critical flicker fusion value.
The object learning test22 is a test of recall of everyday objects after a brief viewing period. The patients were shown four cards with 10, 15, 20, and 25 pictures for 30, 45, 60, and 75 seconds respectively. After each card was taken away the patients were asked to recall as many objects as possible. The total number of objects correctly recalled was used as the outcome measure.
The digit copying test22 is a simple measure of pyschomotor speed and information processing. Patients Patients receiving general anaesthesia were given diazepam as premedication and thiopentone to induce anaesthesia followed by pancuronium. They were intubated and ventilated with oxygen, nitrous oxide, and halothane supplemented by fentanyl (up to 0 2 mg). The blood pressure was maintained within 25% of preoperative values throughout by administering intravenous fluids and altering concentrations of halothane; normocapnia was maintained. Oxygen was continued until the patient left the recovery room. Postoperative analgesia was provided by intramuscular morphine, 10 mg every four hours as required.
Patients receiving regional anaesthesia were given no premedication. Midazolam was given intravenously (in 1 mg increments up to 10 mg) before the regional block was inserted and during the procedure as required. Spinal blockade was performed with 2-3 ml of 0 5% bupivacaine in 8% dextrose at the L2-3 or L3-4 interspace. Blood pressure was maintained within 25% of preoperative values by giving intravenous fluids and vasopressors. Oxygen was administered from the time the patient entered the anaesthetic room to the time he or she left the recovery room. The postoperative analgesic regimen was the same as that for the group receiving general anaesthesia. Patients were not required to lie flat for 24 hours.
Patients in both groups received prophylactic antibiotic cover from the time of operation until 48 hours postoperatively. After operation each patient was visited daily until discharge. Data were collected on analgesic requirements, time to mobilisation and discharge from hospital, and complications.
Three months after operation the patients were visited at home by the psychologist, who remained blind to the anaesthetic technique. All assessments performed at the initial visit were repeated except for the national adult reading test. Additional questions were asked about the degree of satisfaction with the anaesthetic procedure and outcome of the operation, and problems that had occurred after discharge from hospital. A friend or relative present during this interview was asked for his or her assessment of how the patient had been since leaving hospital compared with before the operation.
If a patient refused a follow up visit or there was no reply to the letter requesting the follow up, the patient's general practitioner was contacted in an attempt to ascertain the reason. A control group of patients on the waiting list for major joint replacement was visited and tested twice at a three month interval to gather data on performance without the influence of admission to hospital and operation.
A: sample size of 200 was estimated to give a power of 0-8 to detect a difference of 0-4 SD between the two treatment groups, and to be recruitable within the 18 month study. Results Refused to take part in psychometric testing 21 BMJ VOLUME 300 All patients who received regional anaesthesia were taking oral fluids within an hour of the end of the operation, whereas those who had general anaesthesia took from four to 24 hours to resume oral fluids. Measured and estimated losses of blood were not significantly different between the two anaesthetic techniques, but significant differences were found between the groups regarding transfusion requirements and fluid replacement. Of the patients having total hip replacement, 39 (72%) receiving general anaesthesia required transfusion compared with only 22 (50%) receiving regional anaesthesia (p<O 05, X2=52).
Thirty three (76%) of those having regional anaesthesia for hip replacement, however, were given a plasma expander compared with only 18 (33%) of those receiving general anaesthesia (p<0001, x2= 164).
Estimations of haemoglobin concentrations preoperatively and on the first and fifth postoperative days showed no difference between the groups defined by either anaesthetic technique or procedure. Mortality and the incidence of complications were similar in the two groups (table IV) . The three deaths in hospital were due to massive pulmonary embolus, which was confirmed at necropsy, without any clinically detected deep vein thrombosis. The three month postoperative follow up at home was completed by 129 patients. Sixty four had received general anaesthesia and 65 had received regional anaesthesia.
In most tests of cognitive and functional competence there was no change in score over the three months and no significant difference between the groups (table V) . No correlation was found between age and scores in the tests, and those who had scored poorly in the initial test session continued to do so at the three month follow up but had not deteriorated. The scores in the tests of functional competence improved in both groups (NS). The recognition and total times recorded during the measurement of choice reaction time, however, had significantly altered (p=0 03 and 0 04 respectively).
The time taken. to respond was unchanged among those who received a regional anaesthetic but significantly reduced in those who were given a general anaesthetic (p<005)-that is, performance improved after general anaesthesia.
When the patients and their relatives were asked for their opinions on the anaesthetic, the outcome of the operation, and subsequent progress most seemed to be pleased (table VI) . No significant difference existed between the groups in these subjective measures with large proportions in both groups reporting an improvement in morbidity and a reduction in pain.
Seventeen patients did not complete the three month follow up assessment. Four had left the area to live with relatives and two had moved overseas. The general practitioners of the remaining 11 patients reported that the subjects were in good general health and seemed to be progressing after their operation, although several had domestic or alcohol related problems that may have resulted in their unwillingness to repeat the home visits.
When the results for the 50 control patients were examined the patients had scored similarly on all the tests both at the initial testing session and at the three month follow up. Thus we concluded that our treatment groups were representative of those patients on the waiting list for elective major joint replacement and that the tests we used were valid over three months, with no substantial improvement in the scores owing to possible learning effects.
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